Expression of a functional 78,000 dalton mammalian flavoprotein, NADPH-cytochrome P-450 oxidoreductase, in Escherichia coli.
A cDNA containing the complete coding nucleotide sequence for rat liver NADPH-cytochrome P-450 oxidoreductase was constructed from two overlapping cDNA clones. This full-length cDNA was inserted into the plasmid expression vector pCQV2, transfected into Escherichia coli, and expressed reductase was identified in cell lysates by electrophoresis followed by electrophoretic transfer to nitrocellulose and immunodetection. Various strains were screened for maximal expression and minimal intracellular degradation of the expressed protein, and strain C-1A was selected for preparation of the expressed enzyme. Induced cells from 12-liter cultures were pelleted, lysed in a French press, and the 50,000g supernate was fractionated by DEAE-cellulose and 2'5'-ADP agarose chromatography. Thirty-five grams of packed cells yielded approximately 2 mg of affinity-purified protein that was essentially free of E. coli proteins. The final preparation exhibited considerable proteolytic degradation and only an estimated 5-10% of the immunoreactive protein was undegraded. Four principal forms could be distinguished upon sodium dodecyl sulfate-polyacrylamide gel electrophoresis, with molecular weights of 65,000, 66,000, 74,000, and 78,000, the latter being equivalent to that of intact reductase. High-performance liquid chromatography with a Spherogel-DEAE column resolved these forms but resulted in the loss of the 78-kDa form; three peaks eluted with molecular weights of 65,000. Several of the HPLC fractions exhibited cytochrome c reductase activity, indicating correct incorporation of both flavin prosthetic groups, with the 66-kDa form showing the highest specific activity (44 mumol of cytochrome c reduced/mg reductase/min at 22 degrees C). HPLC assay of flavin content demonstrated equimolar FMN and FAD concentrations, and spectrophotometric analysis of the 66-kDa form revealed a spectrum essentially identical to that of reductase purified from rat liver. When the affinity-purified preparation was reconstituted with cytochrome P-450c, rates of benzo[a]pyrene metabolism approaching rates observed with liver reductase were obtained, indicating that the undegraded component in the affinity-purified preparation was able to interact with cytochrome P-450 and catalyze electron transfer from NADPH.